Introduction
Despite relevant investments and undoubted achievements, cell therapy and tissue engineering represent a not yet accomplished endeavour [ i , ii ] . Novel strategies and materials are needed to fulfill the multifaceted complexity of engineered tissue manufacturing, in which the optimal combination of cells, biocompatible scaffolds and biologically active molecules are required [ iii ] . In this context, a particular attention must be paid to the design of efficient polymeric scaffolds [ iv ] on which cells could be grown and differentiated and the tissue bio-architecture addressed. Scaffolds must be immunologically inert, easy to handle, biocompatible and biodegradable. At the same time, they should favor the attachment, growth and migration of cells, and address in situ vascularization by tuning its biochemical and physical characteristics [ v ] . Finally, an ideal scaffold should display an adequate and interconnected porosity to facilitate cell spreading and colonization of the inner layers. A proper interaction between scaffolds and cells contributes to modulate gene expression and protein organization in cell fate determination [ vi , vii ] . Engler et al. [ viii ] showed that skeletal myoblasts striated only when cultured on gels with a stiffness mimicking that of the native tissue; cardiac progenitor cells also modulate their cardiac commitment depending on the substrate stiffness and pore geometry [ ix , x ] . Recently, poly(glycerolsebacate) (PGS) scaffolds, with accordion-like honeycomb pores obtained by laser-microablated PGS membranes, were stacked and bonded to produce a 3D mechanically stable pore architecture to guide the alignment of neonatal rat heart cells [ xi ] .
In search of the optimal scaffold, innumerable materials and procedures have been proposed for their fabrication. Natural, synthetic and composite materials have been analyzed for tissue repair and regeneration and different strategies to functionalize them have been scrutinized [ xii ] . Natural materials, although apparently ideal, are difficult to be extracted and manipulated. They are expensive and potentially carriers of infectious agents. Synthetic materials are easily produced at a low cost, but can release by-products that can modify the microenvironment of the recipient tissue. All biomaterials so far analyzed have been tested using different fabrication procedures like electrospinning, freeze-drying, in situ forming gel, direct writing and printing of photopolymerizable
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characteristics. This study represents the first demonstration of the feasibility of this strategy that can be further enhanced by the application of the emerging 3D-bioprinting technologies.
Materials and Methods

PEGDa-Woodpile fabrication by SL
The precursor solution used to manufacture the Wp structure was composed by a hydrogel of PEGDa MW 575 g/mol, Curcumin as absorbing dye (inner optical filter) and 2-Hydroxy-4-(2-hydroxyethoxy)-2-methylpropiophenone (also known as Irgacure 819 ®CIBA)
as photoinitiator. All reagents were purchased from Sigma Aldrich and used without further purification. Curcumin and Irgacure at a concentration of 44 mM and 0.25 mM, respectively, were dissolved in a PEGDa:ethanol = 3:1 solution. After mixing, the solutions were let stir for 24 h in the darkness. The 2D models (images) to be printed layer by layer, drown with a standard software, were projected and focused by means of an overhead projector on the printing stage covered by a thin film of precursor solution. Polymerization occurred only in the lit area during the exposition. After such an exposition, the printed structure was formed on the stage. Then the platform was lowered down in the liquid solution (by a fixed step of 250 µm) and a new thin layer of unpolymerized solution covered it, ready to be exposed. The inner optical filter (curcumin) ensured that only the top layer received enough light to photopolymerize, while the previously exposed layers remained protected against further photo-polymerization due to the absorption of curcumin. The orientation of the polymerized rods was alternated in the subsequent layers and each couple of orthogonally oriented layers could be considered as a monolayer of the structure. The final 3D-template resulted as the stacking of the sequence of all printed 2D layers. A schematic representation of the experimental 3D printing set-up is shown in Fig. ( Fig. 1) . At the end of the process, the scaffolds were accurately washed in water and cured under Hg UV-lamp for few minutes to stabilize the structure against uncontrolled modification induced by room light. This procedure allowed obtaining structures with a resolution of about 300 µm; they were morphologically characterized by an optical microscope (Nikon L-IM equipped with a digital camera DS-5M), while their stiffness was assessed by a nanoindenter (Nano Test Micro Materials Ltd.), using a diamond Berkovitch tip.
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Before further steps, the PEGDa-Wp structures were washed with sterile water for one week and exposed overnight to the UV light. They were then conditioned for one week in Dulbecco's Modified Eagle Medium (DMEM) with high glucose (Gibco, Italy) supplemented with 20% v/v Fetal Bovine Serum (FBS) (Gibco, Italy), 1% penicillin-streptomycin (SigmaAldrich, Italy), 1% L-Glutamine (Gibco, Italy) and 1% non-essential amino acids solution (Sigma-Aldrich, Italy). Finally, the scaffolds were used for cell cultures.
3D-SS fabrication
The 3D This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
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Italy). Briefly, the samples were incubated for 3 h in DMEM high glucose without phenolred supplemented with 10% FBS, 1% penicillin-streptomycin, 1% L-Glutamine and in the presence of 5% v/v WST-.1. Subsequently, the absorbance of the medium was evaluated using iMark™ Microplate Reader (Bio-Rad) at a wavelength of 450 nm. The number of the hCPCs attached to the PEGDa-Wp was evaluated by the absorbance at 450 nm after WSTassay, using a calibration curve obtained culturing different numbers of cells from 0 to 10 5 cells (Fig. 1S) .
Recognition of the hCPC phenotype when cultured on 3D-SS
To assess the hCPC phenotype, 3D-SS with 1x10 4 cells Lin This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
Stem Cells and Development
Scaffold-in-scaffold potential to induce growth and differentiation of cardiac progenitor cells&#13; (DOI: 10.1089/scd.2017.0051) This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. 1 h at RT and then with the appropriate anti-mouse or anti-rabbit secondary antibodies (Alexa Fluor® 546, ThermoFisher) for 1 h at RT. The secondary antibody in the absence of specific primary antibody was used to exclude the occurrence of unspecific signals. Nuclei were stained with 1 g/ml 4′,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich). The confocal images were taken using a confocal laser scanning microscopy Olympus Fluoview 1000.
Statistical analysis
The statistical analysis was performed using GraphPad Prism version 5.0 for Windows (GraphPad Software, San Diego, CA, USA). Data from three or five independent experiments were quantified and analyzed for each variable using a one-tailed Student's ttest or ANOVA One-way test. A P-value of <0.05 was considered to be statistically significant. Standard deviations of the mean were calculated and presented for each type of sample.
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Results
Scaffold fabrication and characterization
In microstereolithography, the most crucial aspect is the choice of the inner optical filter. It must almost totally absorb the incoming light in a very thin layer. Indeed, growing an object layer-by-layer is possible only if the exposition of each new layer does not affect the already exposed lower structure. A careful choice of dye and its concentration are mandatory in order to reduce the light to a negligible amount after 250 m corresponding to the desired growth step. To this end and considering the biological context of the application, the photopolymerization has been carried out using a precursor solution with curcumin, a natural dye extracted from Curcuma longa spice widely used in Middle-and Far-East Asian areas, displaying a total absorption coefficient of 100 cm -1 in the active spectral region (350-470nm). Curcumin absorption matches well the absorption spectrum of the Irgacure 819, the photoinitiator used in the present study, in the spectral interval of the lamp (see Fig. 2S ) while its luminescence does not overlap Irgacure absorption.
Moreover, it is endowed with well-known anti-oxidants, anti-inflammatory and antitumoral properties [ xviii ] . The dye and the photoinitiator were dissolved in the precursor solution with a ratio of about 200:1 in order to confine the photopolymerization in a thin layer only, just below the exposed surface.
All manufactured PEGDa scaffolds were preliminary characterized by optical microscopy. Fig. 1C shows great regularity in accordance with the planned structure This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. 2C ). After eight days of cell growth, the microscope analysis showed that the adhesion to the PEG-Wp was quite good and the cells were mostly clustered around the scaffold struts (Fig. 3) . In particular, the confocal microscopy ( Fig. 3C, D) showed a spindled and branched morphology of the hCPCs suggesting a potential effect of the scaffold structure on cell assembly and fate.
The PEGDa-Wp differentiating potential was assessed seeding hCPCs onto the structures that, after one day, were shifted in new wells and cultured with DMEM supplemented with 2% of FBS for eleven days. The evidence of a possible hCPCs differentiation towards a cardiomyocytic phenotype was achieved by assessing the expression of specific cardiac differentiation markers, such as α-actinin and Cx43. Fig. 4 shows the confocal micrographs of the -actinin expression in hCPCs seeded on a plate in the absence of the structure (Fig. 4A ) and in the presence of 2D PEGDa-Wp (Fig. 5B ) or 3D PEGDa-Wp (Fig. 4C) . Immunostaining revealed that the -sarcomeric actinin was widely expressed only in hCPCs cultured in the presence of the microlythographed 3D PEGDa (Fig.   4C ) implying that the microstructured scaffold could induce the progenitor cell differentiation towards a cardiomyocytic phenotype. Noteworthily, the microstructure contributed to direct cell spatial-ordered multilayer organization. In addition, Fig. 5 B shows that Cx43, the principal gap junction protein of the heart, was highly expressed in the cytoplasm of hCPCs cultured on microlythographed 3D PEGDa (Fig.5 C) rather than in cells cultured on 2D structures ( Fig. 5A and B) .
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hCPCs growth and differentiation into 3D scaffold-in-scaffolds
In the present study, a novel multitextured hydrogel scaffold 3D-SS was manufactured combining a PEGDa-Wp structure with a PEGDa hydrogel mold. 2.5x10 4 hCPCs were seeded into 3D-SS and, after three weeks of growth with DMEM supplemented with 10% of FBS, cell viability was checked by WST-1 assay (Fig. 6A) , while cell differentiation was analyzed by immunostaining using Ab-anti--actinin (Fig. 6B) . In Figures 6B and C, the confocal observation of the hCPCs growing into 3D-SS demonstrated an upregulation ofactinin, whose expression was undetectable in 2-D control cultures (Fig. 3S) ; in addition, cells adhering to the construct displayed an elongated morphology. Therefore, the cell alignment on the PEGDa-Wp ( Fig. 6B and D ) and the expression of -actinin demonstrated the differentiating potential of the PEGDa-Wp in a more complex system. Thus, 3D-SS was able to stimulate correct stem cell commitment towards cardiac lineage, although a complete sarcomeric rearrangement in these cells was not observed. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
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Discussion
The present study demonstrates that biologically efficient multitextured scaffolds This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
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subclass of natural materials is represented by perfusion-decellularized human hearts from which it is possible to obtain acellular cardiac scaffolds with preserved ECM properties, structure, patent coronary conduits, with an immunologic profile that induces a constructive remodeling response [ xxvi ] . However, this technologically superb solution does not phase out the need of a donor and the possibility that some viral copies could be passed via the scaffold [ xxvii ] . To avoid these limits, the only possibility is to learn how to manufacture a suitable scaffold using synthetic or semi-synthetic materials. Indeed, in the last two decades a lot has been learned about biomaterials, but, as a matter of fact, the knowledge is still rudimentary. Synthetic vs. natural materials, display higher reproducibility and allow an easy control of mechanical properties, degradation rate, This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
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demonstrated the prominent role of the scaffold structure in driving cell fate [ xxxix , xl , xli ] . The present data confirm the role of the scaffold structure in inducing cell alignment and differentiation highlighting the efficiency of a novel mono-component multitextured design in creating a suitable microenvironment to cells using a relatively simple and inexpensive method. In fact, the 3D-SS allowed hCPCs to be exposed to the combined stimuli from different geometrical structures and variable stiffness with advantageous effects on cell-scaffold interaction, -alignment and -differentiation. This preliminary study suggests that further advantages in manufacturing engineered tissues could be envisaged This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Downloaded by Tufts University package NERL from online.liebertpub.com at 07/19/17. For personal use only.
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